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AN APPARATUS FOR SUPPLYING A THERAPEUTIC OXYGEN GAS 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The invention relates to an apparatus for 
supplying a therapeutic oxygen gas, 

2, Description of the Related Art 

In treatments for respiratory system diseases 
10 such as pulmonary emphysema or chronic bronchitis, oxygen 
inhalation is known as one of the most effective 
treatments, in oxygen inhalation therapy, a therapeutic 
oxygen gas, such as oxygen gas or an oxygen enhanced gas 
which may be produced by separating nitrogen gas from 
15 air ; is supplied to the patient with a therapeutic oxygen 
gas supplying apparatus. 

Conventional therapeutic oxygen gas supplying 
apparatuses supply a therapeutic oxygen gas 
intermittently, in synchronization with the respiration 
20 of a patient, at a constant volume for each respiration. 
The respiratory frequency, however, is not constant* 
When the respiratory frequency is increased , in 
particular when tachypnea is presented, if the 
therapeutic oxygen gas supplying apparatus supplies the 
25 therapeutic oxygen gas at a constant volume for each 
respiration, dyspnea will result. 
SUMMARY OF THE INVENTION 

The invention is directed to solve the prior art 
problems, and to provide an apparatus for supplying a 
30 therapeutic oxygen gas improved to change the volume for 
each respiration in accordance with the respiratory 
frequency. 

According to the invention, there is provided an 
apparatus for supplying a therapeutic oxygen gas* The 
35 apparatus comprises a cylinder for containing pressurized 
therapeutic oxygen gas, a nasal cannula, adapted to be 
introduced into a nasal passage of a patient, and a 



- 2 - 



conduit extending between the cylinder and the nasal 
cannula for directing the therapeutic oxygen gas to the 
nasal cannula from the cylinder. A pressure sensor is 
provided on the conduit for detecting the pressure in the 
5 conduit* A valve is provided on the conduit , which 

allows and blocks the fluid communication between the 
cylinder and the nasal cannula . A controller controls 
the operation of the valve in synchronisation with the 
respiration of a patient based on the changes in the 
10 pressure detected by the pressure sensor. The volume of 
the therapeutic oxygen gas passing through the valve for 
each respiration is increased, compared with a normal 
respiration condition f when the respiratory frequency 
increases . 

15 DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages and further 
description will now be discussed in connection with the 
drawings in which: 

Figure 1 is a block diagram of a therapeutic oxygen 
20 gas supplying apparatus according to an embodiment of the 

invention; 

Figure 2 is a flow chart showing an algorithm of 
determining the time period for opening the solenoid 
operated valve; and 

2 5 Figure 3 is graph which shows the volume of the 

therapeutic oxygen gas supplied to a patient, the volume 
increasing in steps according to an increase in 
respiratory frequency. 

Description of the Preferred Embodiments 

3 0 With reference to Figure 1, a therapeutic oxygen gas 

supplying apparatus 10 according an embodiment of the 
invention supplies a therapeutic oxygen gas, pure oxygen 
gas or an oxygen enhanced gas, to a patient (not shown) 
from an oxygen gas cylinder 12 through a conduit 18 and a 
35 nasal cannula 16 attached to the face of the patient. 

The conduit 18 comprises a flexible tube which is, at one 
of the ends, attached to a shut-off valve 14, connected 



1 



to the oxygen cylinder 12, and, at the other end, to an 
inlet port 16a of the nasal cannula 16. The nasal 
cannula 16 provides means for introducing the therapeutic 
oxygen gas and includes a pair of cannula portions 16b 
5 which are adapted to be introduced into the nasal 
passages of the patient. 

A pressure regulating valve 20 and an orifice 22 are 
provide on the conduit 18 downstream of the shut-off 
valve 14, Downstream of the orifice 22, a solenoid 

10 operated valve 24 is provided- The pressure regulating 
valve 20 and an orifice 22 regulate the pressure in the 
conduit 18 upstream of the solenoid operated valve 24 at 
a predetermined pressure- The solenoid operated valve 2 4 
includes a solenoid 24a for moving the solenoid operated 

15 valve 24 between a first and a second position. At the 

first position, the solenoid operated valve 24 blocks the 
flow of the therapeutic oxygen gas, and at the second 
position, the solenoid operated valve allows the 
therapeutic oxygen gas to flow therethrough. A pressure 

2 0 sensor 2 6 is provided on the conduit 18 downstream of the 
solenoid operated valve 24- The pressure sensor 2 6 can 
be any kind of pressure sensor which provides an electric 
signal representing the pressure in the conduit 18- 
Preferably, the pressure sensor 26 comprises an 

2 5 electrostatic capacity type pressure sensor having a 

capacitor of which the capacitance changes in response to 
the changes in the pressure in the conduit 18. 

The apparatus 10 further comprises a controller 3 0 
for controlling the operation of the solenoid operated 

3 0 valve 24 in synchronization with the respiration of the 

patient. The controller 3 0 includes an A/D converter 32 , 
a counter 34, a microcomputer 50,- an input device 36, a 
solenoid driver 38 and a display 40. The microcomputer 
50 includes CPU {central processing unit) 52, ROM (read- 
3 5 only memory) 54, RAH (random-access memory) 56, an input 
port 3 6 and an output ports 60, which are connected to 
each other through a bidirectional bus 62. The A/D 



converter 32 is connected to the pressure sensor 32 to 
receive the electric signal, preferably the capacitance, 
representing the pressure in the conduit 18. The A/D 
converter 32 generates electric pulse to the counter 34, 
connected to the A/D converter 32. The counter 34 is 
connected to the input port 58 and provides it with a 
digital signal representing the number of the electric 
pulse from the A/D converter 32, The input device 36 may 
comprise keys, buttons or dials for setting parameters 
for controlling the apparatus 10. The display 40 may 
comprise liquid crystal display for indicating the 
parameters , set by the input device 36, and the 
operational condition of the apparatus 10- 

The operational function of the embodiment will be 
described below. 

The pressure sensor 26 presents an electric signal 
representing the pressure in the conduit 18. For 
example, if the pressure sensor 26 is an electrostatic 
capacity type pressure sensor, a capacitance proportional 
to the pressure in the conduit 18 is transmitted to the 
A/D converter 32. The A/D converter 32 generates 
electric pulses of which the number is proportional to 
the capacitance of the pressure sensor 26. The counter 
3 4 counts the electric pulses from the A/D converter 32 
and generates a digital signal corresponding to the 
number of the electric pulses. The microcomputer 50 
determines the initiation of the respiration by 
monitoring the changes in pressure in the conduit 18 with 
the digital signal from the counter 34 as follows. 

Respiration includes inhalation and expiration- 
During inhalation, the pressure in the conduit 18 
decreases. On the other hand, during expiration, the 
pressure increases. The ratio between the time periods 
of inhalation and expiration (I/E ratio) is generally 
1/2, The microcomputer 50 differentiates the pressure in 
the conduit 18 thus obtained. The time when the 
differentiated pressure is minimum is determined as the 



initiation of a respiration- 

When the microcomputer 50 detects the initiation of 
a respiration, the microcomputer 50 generates a valve 
open command to the solenoid driver 38, When the 
solenoid diver 38 receives the valve open command, the 
solenoid driver 33 energizes the solenoid 24a to move the 
solenoid operated valve 24 to the second position whereby 
the valve 2 4 opens to allow the oxygen therapeutic gas to 
flow therethrough. The microcomputer 50 generates the 
valve open command for a valve opening time long enough 
to provide the patient with a predetermined volume of the 
oxygen therapeutic gas prescribed by a doctor , as 
described below. 

Figure 2 is a flow chart showing an algorithm of 
determining the time period for opening the solenoid 
operated valve 24, After the activation of the apparatus 
10, in step S1Q, an initialisation is carried out wherein 
the following parameters are input to the microcomputer 
50 with the input device 36. 

R n r respiratory frequency when the respiration of 
the patient is normal condition {BPM (breaths 
par minute ) ) 

R ft : a first threshold value for respiratory 
frequency larger than R n {BFM) 

R b : a second threshold value for respiratory 
frequency larger than R a ( BPM ) 

F 0 : flow rate of oxygen therapeutic gas which may 
be prescribed by a doctor (mVmin) 

In step 10, time period r (minutes) for opening the 
solenoid operated valve 24 is calculated by the flowing 
equation. 

T-F 0 /aR B f 0 ...<l) 
where : 

a: non-dimensional constant 

f c : flow rate of oxygen therapeutic gas through the 
solenoid operated valve 24 when the valve 24 is open 
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under the predetermined pressure in the conduit 28 

upstream of the valve 24 (mVmin) 

The non-dimensional constant a is an inverse of 

ratio of the time period of inhalation relative to the 
5 time period of one respiration, and it can be 3 since the 

I/E ratio is generally 1/2. if the I/E rario is not 1/2, 

the non-dimensional constant a can be altered, 

accordingly. 

The time period x thus obtained means a time period 

10 for opening the solenoid operated valve 2 4 sufficient for 
the volume of the oxygen therapeutic gas, which may be 
prescribed by a doctor, to flow through the valve 24 
during inhalation of normal condition, 

in steps 512 and S14, the initiation of respiration 

15 is determined by monitoring the changes in the pressure, 

as described above. In step SI 6, the microcomputer 50 
calculates the respiratory frequency R by measuring the 
time interval between initiations of sequential tow 
respirations. In step S18, the respiratory frequency R 

20 is compared with the first threshold value R a which is 

larger than the respiratory frequency R n under the normal 
respiration condition „ If R is equal to or smaller than 
R a { " No " at the step S18), then the respiration is 
determined as normal, and the time period x is decided, 

25 in step 22 , as valve opening time T vo for actually 

opening the solenoid operated valve 24* If R is larger 
than R a {"Yes" at the step S18), then, in step S20, R is 
further compared with the second threshold value R^. If 
R is equal to or smaller than Rt ("Yes" at the step S20), 

30 then, the respiration is determined as mild tachypnea, 

and xxa is decided, in step 24 , as the valve opening time 
T ve . Here "a" is a predetermined constant larger than 1, 
and can, for example, be 1.25. If R is larger than R b 
("No" at the step S20) then the respiration is determined 

35 as heavy tachypnea, and xxb is decided, in step 26, as 



the valve opening time T ve . Here "b" is a predetermined 
constant larger than "a", and can, for example, be 1,50- 

The microcomputer generates a valve opening command 
to the solenoid driver 38 for the valve opening time T vo . 
Therefore, the volume o£ the oxygen therapeutic gas 
supplied to the patient for each respiration increases in 
steps according to the increase in the respiratory 
frequency, as shown in Figure 3. In Figure 3, v n 
indicates the volume of the therapeutic oxygen gas 
supplied for each respiration under the normal 
respiration condition, V a indicates the volume when the 
respiratory frequency is above R a , and V b indicates the 
volume when the respiratory frequency is above R b » 

It will also be understood by those skilled in the 
art that the forgoing description is a preferred 
embodiment of the disclosed device and that various 
changes and modifications may be made without departing 
from the spirit and scope of the invention. 



